Diurnal differences in duration and quality of motor response to levodopa are frequently described by patients. The quality and duration of motor responses were objectively assessed to morning and afternoon oral levodopa doses in five patients with Parkinsonian motor fluctuations who complained of diurnal variation in response to their normal levodopa medication. Results suggest that under controlled conditions which eliminated the effects of diet and overlapping levodopa effects the response to levodopa remained unchanged throughout the day, and that the duration of response could be predicted by plasma levodopa levels.
Diurnal variation in response to levodopa medication is commonly reported by patients. This often takes the form of attenuation of response to doses taken later in the day. Patients describe shorter periods of response or failure of response to afternoon and evening doses and motor benefit is marred by a build-up of dyskinetic involuntary movements in the latter half of the day. These phenomena may be due to the effects of diet, particularly protein, interfering with levodopa absorption and transport, loss of "sleep benefit", and changes in dopamine receptor sensitivity either due to natural circadian variations' or as a result of repeated dosing.2 A low-protein diet is known to reduce off periods in fluctuating patients;3 however, not all are improved and some will still complain of afternoon deterioration after abstaining from a midday meal.
We attempted to analyse the relative contribution of peripheral pharmacokinetic and central pharmacodynamic factors to diurnal variation in response to levodopa. The duration and magnitude of the motor response were compared with plasma levodopa following standard oral doses of levodopa in the early morning; and in the afternoon after taking their usual levodopa medication during the morning. p < 0-02).
-0.5 Sinem The relationship between plasma levodopa level and motor function was the same following morning and afternoon doses of levodopa. Plasma levodopa level at the time ofwearing off of motor response was similar for morning and afternoon studies in each patient (table), as it was in the one case where the level was also measured at the time of "going off", before the afternoon dose (fig 2) . However, the plasma level at the time of wearing off varied almost two-fold across the group as a whole (2-25-4-4 ymol/l).
The degree of motor improvement did not differ significantly between the two studies. No difference in the severity and duration of dyskinetic involuntary movements occurred (figs 1-3) .
Discussion
Most Parkinsonian patients with motor fluctuations complain of an impaired response to levodopa later in the day. The effects of erratic intestinal absorption; levodopa metabolites, such as 3-0-methyldopa, or dietary amino acids interfering with levodopa transport have been implicated.
Central mechanisms such as reduced nigro-striatal storage capacity8 or changes in post-synaptic receptor sensitivity have also been proposed.9 In the case of deteriorating response through the day it may be that there are diurnal changes in sensitivity, possibly an acute change in response to repeated dopaminergic stimulation2 or perhaps a circadian rhythm.' '0 Some of these problems may also be due to inhibitory effects of levodopa at low dosage."
The patients chosen for our study all complained of incapacitating loss of responsiveness to levodopa in the afternoon. We compared the response to a standard oral levodopa challenge in the early morning, typically the best time of day, with the effects of the same dose taken in the afternoon, following the usual morning medication. By allowing patients their usual morning levodopa doses we attempted to recreate the situation normally found in the afternoon. We were not able to show any diurnal change in magnitude or duration of motor response under these conditions. The relationship between plasma levodopa level and timing of wearing off of motor response was the same for morning and afternoon doses. No evidence for a diurnal alteration of striatal dopamine receptor sensitivity was found, which should have been reflected by a change in plasma levodopa level threshold for onset and wearing off of motor response. Patients appear to have the capacity to respond to afternoon oral doses of levodopa when optimum drug absorption is ensured. Gancher and Nutt showed similar diurnal equivalence of motor responses to subcutaneous apomorphine," and our own experience in the practical treatment of patients with Parkinsonian motor oscillations using subcutaneous apomorphine is that patients retain responsiveness to apomorphine boluses during "off" periods irrespective of the time of day."
The study was performed under controlled circumstances in hospital and may not have reproduced the adverse effects of fatigue'4 on responsiveness to levodopa medication late in the day. We did not allow our patients to take a midday meal, thereby avoiding the complicating effects of diet. To assess afternoon motor response duration patients were allowed to go "off" before the test dose was given; and this may have allowed some recovery from the possible effects of earlier cycles of phasic dopamine receptor stimulation on receptor sensitivity.
These results suggest that the motor response to levodopa remains unchanged throughout the day under the controlled conditions employed here. Further studies are required to determine the explanation for the frequently reported reduction in duration and quality of motor response to levodopa doses later in the day.
